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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a coated member with a TiAl alloy film, superior in machinability such as 
abrasion resistance, by satisfying high efficiency of cutting work. 

SOLUTION: This manufacturing method comprises adjusting substrate voltage applied between a vacuum chamber 
and a substrate by lowering and then increasing it in a range of -20 V to -300 V continuously and/or stepwisely in 
a process of forming the TiAl alloy film. Thus manufactured member coated with the TiAl alloy film has superior 
machinability such as abrasion resistance and fracture resistance, because of being coated with the film having 
high residual compression stress, high oxidation resistance and satisfactory adhesiveness. 
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\cMf£ $ ix^SWo^ffitc^gag^ fcli£BR<attR# 

^trg<b&>, Rfb*. gtmitm, mmtm. mmtm, 

ttMSr^** tt^y^«j»Oj£S«tc^*t-5BET i A 1 
fb*fr«MBr±. T i /A 1 W^-ttsj&SfiET i A 1 fb-frMBrt 
t'ft^^^Ilii^ SIllil^lT i/A 1 

HS-^Jt^/hSv^JB2lllJiifc*tf*ft< th2m<o&m JO 
mfrbteV, K3iy^««<oiStt«fB*Bftv^fcKT i A 1 
fb*«iK«®o4»/6«Jc:*5»t5T i A l fb*»««:, T 
i /A 1 «^ tfci«-S-e*5 4 6 T iAlft 

[ft 2 ] wi&m 1 Klid:, T i / a 1 B^Hs^Wia 
M*©*ffi«J&»<bttT i A 1 ft-fr*JKort«lcrtJd^oT 
«BS W*3 «t t>*/ 4 fc teJ£|5Wft lc*M)0 L fc <o k ft 

v s *o»kt i a i {t&tom<Dmmwicfat)*'DX&'p 

i icfsit^T i a i {t&mm&mww. 
[»*«3] MiB^y ^«»oifi»»tt, m^vi>mm 20 

A^KT i A 1 {b*ftKaffiO**^aj|^S]^o-C«2m 
m«rt(7>fiS«TfcSIi!3R«l ^fcJi 2{^|E^c^T i A 1 

fb**RM»lstr. 

[W*^4] mifE^y^jS8^i£g^a5^*5(t5T i A 1 

i /A l JR^tfcSr-tix-eixA. B^^U^^tl^. o. 
90^AS2. 0 0, &J;I>*0 . 82gB^l. 50T 

3 ld|E»OT i A 1 <b^^JK«S^«-o 
[»**5] ftiffiTi AHb^Kfi (T ix, Aly) 30 

Mtc^^COA 1 (Dm^Ftt. z Ji, TitAl tf^tHd** 
r*NOlR^tt;«r*U *tl-e*U3ft5 x + y = 1 % 0. 6 
6^x^0. 46 s 0. 54^y^0. 34 s 1. 05 

tclS^coT i A 1 <b*«K»«»tt. 

6 ] huIBT i A 1 it&mWkft, (Tii, A 
lb, Mc) Nd-C^$^, MHZ r . Hf, V N N b N 
Ta, Cr.Mo.W, Si. B, Mg, Fe, S n, 
Mn. Sc, Y, "7^"? >3k%>±^5t^(Dq*(D'p-t£< t 40 
t)li?rgU a t±T i £: A 1 £MO#aBc#-^*T i 
commit, bliT i i: A 1 fcM0>MHj:»i-$A 1 *>ff 
^F-ttis c liT i tAi tMco^ftfctt^SMoi^tt^ 

dliTitAl tMO-frJfJcSEti-SNOIR^It^SL, 
til W a + b + c = 1, 0. 66^a^0. 32, 
0. 54^b^0. 24, 0. 3£c£0, 1. 0 5 £ 
d^0. 7 <DMmz&>Z>m#T%i~-4< D \,^hj i >i jg|c 
MWTi Al UftMWo 

7 ] HutST i A 1 it&tomn* (T ia, A 

lb, Mc) Ndt?^$ix, MfiV x Nb, Ta, Cr, 50 
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Mo, W x Y, M n <D*p(D'J?t£ < h h 1 ^k^Wt L, a H 
TiiAl ^MtD^tf^^i-oT i rogfft, bttT i 
A 1 tM^IH:»t5A 1 oj^^tb, cliTiU 
1 tU<0^\CMi-^>M(Dm^it. df±> TiiAlt 

+ c = l, 0. 66^a^0. 32, 0. 54^b^ 

0. 24 N 0. 3£c^0s 1. OS^d^O. 7 (DM 
«IC 6 MSE«<OT i A 1 <b*»K»«»tt. 

[s»**8 ] sinaajKn. t i . t i comtm. mt 
mmm, mmtm. m&itm. mmmtm<o*<o 

BNtBT i A 1 it&Vomt<DmzlfttEZfrX^^ 5fS*Bl 

- 7 o^lMxd* l JSldfB^OT i A 1 <b#MRtt*ft 

Wo 

[»**9 ] iSISttflKfiffiSBT i A 1 fk^IOjftC, 

t i , t i (omitm. mum* fcmitm. mmm^ m 

Sr^s ^TiAl {b-fr«5R^«ffi^K*^Jl^««$ 
*bTV*S»Jft« i ^8 COV^i" tb^l JgfcLffittCDT i A 1 
fb^feMffi«S5tt 0 

< i t— «T»*5»|3R* 1 - 9 (D 
[tf!**l 1 ] huIET i A 1 jb-fr«M»««FCfi-f±, «J»J 

nMrXhzmxm i o idis^^T i a i ik&mumaim 

i A 1 ^b^^^^Xm^fe 5 s ^TiAl 

waiat tcRK ss» t mmum Hiaoi- 5 mum 
iE^~ 2 ov— 3 0 ov<oim-?mm&)teJ:x*/*ti 

T i A 1 {b'fr*R«««WS:«5ai-5*'8feo 
[0 0 0 1 ] 

[«W«>*i-5JS«»»] :^Pj|(iT iAlftMR 

[0 0 0 2] 

1, ad N&&mttn&z\t*nmm&&<D±iz.ffi&Li, 
&&±v<mttk<D®mi±&fa±£^ztzft%fm¥-3- 1 

8 8 2 6 5 ^$8s ftfflW- 6-316756 ^^s 4^ 

i¥8- 2 6 7 3 o 6 

[0 0 0 3] 

i&mm&i,* 5 k-rzmm] 1 8 8 2 6 

<Omt®. Iffcft^fcllRIftftA^T iiAl 0*A 
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Tii-xAix (o<x^o. 7) (Dffltm. mtm^it 
t*m mm s -esnb u tc&mm a^is £ *v-c ^ © # , « 

5>t-5i^$n^V\ ^^6 - 3 1 6 7 5 6^^ICH 
T i A 1 N&R(w*SV>T A 1 0 . 6 JtUT"? 

hV, *>OA 1 &g<7>g#© 3Jt£l_L<7}T i A 1 N&m 

frt>tezmmffim-chv. ±ist i a i nsmicj: 

^fitzT i A 1 N*ffi&iltC:fcitf 5 A 1 ^S^_bT^T 

i a i K&mx v 'hz^^mz^uz kzwrnti-zm-k 
\i\ vtrnw- 8-267306 tk{&m\znmttmm\z.&m 

^iltT i A 1 {fc-frftJIttT i A 1 j^iOT i /A 

LTffl^fc^, ^g^±^5zn^^MTT i A Hb 
^W§tf)T i /a 1 tt;^i!5VN^i6^^^t^i-VNt 

i/^rx^^fc^. t i a i it&mmni&mzT \ 
sttt)T i Ncnmmw&fr&ztifr^m^T i /a i 

tfc^iS^T i A l ^^^^ffi1-5^a6^lit)^t:L 

^i-v ^ v * 9 mmtm s 0 ^ c -e*$g^ ^^^^ < 

itg£{bte^^*ttl;:< v>t i a l ik&Vom&mMWte 

[0 0 0 4] 

[^lI£^&1-S*:fcco^g:] T i A Hb^ 

T i A I ^»M^XS+^S^S«i:Stt-|WlcB3*D 
1" 5Sttm/£$r- 2 0 V- — 3 0 0 VOffiia"t?jllKW*5 

[0 0 0 5] #389JOT i A 1 {b#MKtt*»ftKfi# 
&<D#®teT i A 1 ft#4blHft«i»oX«rmBEt:M«ii- 
S^Tfcfl, **WI©»a*fl=-efRH*ixfcT i A 1 
fb*«W-***u5T i £ A 1 o«:*fl!>5>*tt««»t? 

i:TiAl <b*WK«r»«1-* tTi/Al Hsas»* 

IliiCMLT i /A l Jfcj6«/h£^ 
S2BBSdS/>4< H2lO*fl^ib^5.T i A Hb 

ifi»fflS*r»v*fcT i A Hb*ftJR«ffio+'k«H-#ttS 
Ti/Al ifcli-Stfc$T i A l fb^ltoK^SaSix 

JcfctfST iAlM&Ilt BI»4*rt]-Ctt»lBIJi 
^K»2KJi-e«»$ttfc3Ji"T?*9. ^lll> tt 
S2RSOT i /A l igmt&**v«xA* Btilt 
^r^lCl, 0. 90^AI2. 00, teXXfO. 82iB 
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£1. 5 0-CfcST i A Hb#*Bia*«»*«»*L 
[0 0 0 6] 

[»Wojl«©IB«] '>^< it— 3«>3iy^WI»«r# 
-f5fl2#ttt, Wx.tf J I S&feB 4104-1989. 
S£SlteB 4 1 1 4 - 1 9 9 3, &m&B 4115-19 

9 3 , tt£«B 4 1 1 6- 1 9 8 7, gfc^teB 4117 
— 19 9 1, KftftB 4 1 2 0—1 9 8 5, RiftB 4 

12 1 — 1 9 8 5, 0fc%ftB 4 1 2 2—1 9 8 5, 
70 &B 4 1 2 3—1 9 8 5 f-^^ix5X^, ©fcX^, ft 

[0 0 0 7] T i A 1 <b#MKtt*ffiK*& P v 

Difcfc*^-*-*) TMEK 3*1 LV>*5, PVD 

****t{buttflfw^5*#^iBLVN 0 *aoc«tot*i 

I»*««SMb£*i/#* L,v\ 

[0 0 0 8] ^fe©{-oV>TI¥ L< ^-<5 PVDj£ 

i A 1 ^»K*tt«-TSXS^ twSW«JESr*«Wi3 

tT9 direct -D-C^cJBWft^WfeixS. 
[0 0 0 9] StTiE^iK Lfc*fl=-eff«! LfcttJKtt 

WTiAl <b*«J!«^ol>TIK/?$*'ffi]ti*5*5J:-t 3» 
^©twifiv>ffl5^«r^®iKI^ L^^o-, T i A 

*W -e fo 5 # > 3^ v ^^©JEffi^^ \z x v m & *u^1-v > o 

-20 4 0Vt LT«BffijBJS^O/h$V^ai*3ft s » 

50 ^^^X^o 
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[ooio] &^-eT i a i it&fom<D+wm&&&& 

t5Ii^, gWmff^EJ l -0 4 (c#J^ IstzX o ic- 

2 0— 4 0V^t>- 2 0 0- — 30 0 V £ -Cig|£tf):fc5 

0 t»«ffi«W6AA«iBv\ ^ttmffi^r- 2 0--4 0 V 
d^«LlC*^»i^Fii«WlC- 2 0 0 — 3 0 0 VKTff 

6 fc swiia fc * f&m#<nmxmmi- * as < * 

*.*>*b£o «^<^)«fc 3 I^IWIE^ - 2 0 — 4 0 V 

d>fb- 2 0 0 3 0 0 vi-ci&fSWfc.tT^/^^fiS: 

BMlcRTS-frafc, TiAlUW^MEK^] 

^aittw*3 <t t^/* fc iia»M»cs5 < * a fc frmum t 
^ot i a i <t&mm<D*mm&i*Mxm&*mmH& 

\z&ft,z> 0 *fca6#WBEd*fiv^*#-e*||lfc««i-ai 
-f^-V'Wilftai^/u^-^MKjfcSfcaC). i®?II^± 
#L^*>&A»*as*«:*:1-<5. T i A I ik&fam<D + 

vm»<ownm^ c zm^ust t** t 

1 A l fb-fr*K©S««lict||S»fc*3j:ff 
^t>i£A»l:J:oTT i A l {k-frWKoSWfflS 

[ooii] SttmffittT i AHb^i^MI^K 
•«r*5J;*Si", Stt«EE^iB^ftfl=-e«»LfcT i A 1 
fls*1M*<7>T i /A 1 tfctt*U--CfoS^ > 
v^fttT i A Hb#*K**«Lfc»<S\ ®*fS]t-3i 
y^iH^fc 2 mmgx.tg«©T i A 1 it^^m<DT 

i /A 1 lttclt«UTB*rtl^y^«»^fe*2_mm 
JE*rt<ZMH«<Z>T i A 1 {tfrftlROT i / A 1 tfc^j|5< ft 
5c ^jfttt^y^»*fcPMJx*. T i A HfrfrMKo 
S!$iiMt(iTi/Aiit^o. rf+jftotfr*^ 

*< , HTiy yfitliA 1 y yftftSt 

T i A 1 fb#«M«oa* tBKfbtttt«:Ti-5. #3§0! 
<£>T i A 1 fb*»R£>T i /A 1 itttO. 7^Jr"?£> 

fc, x 7 ^Mia t) MCx y 2 mm 

£ArtOffl*OT i A l j^W^T i/A l it#^< & 

5fcfcft-t-rs e 

[001 2 ] &lcgfcmjE£r- 2 0 0 — - 3 0 OV^b 
-2 0 4 0 V£-C±#$i*r5o TiAlft**R© 

affi«aiiat«ffiS:W< bfc*fl=-ets*i-*. 

*j&M5fc^iffc<fc-3fcT i A Hb-fr*RO*ffi(HyWcT 
i / A I *td«JS-t4 9ffi*ffi)lw^yi>a|»d^«2m 
m«rtroffl«0»ttfbtt^rS]±1-5 0 £fcT i /A l it 
Ji^-Tfe^fc*ffi^E<OfeW^i^-*-^9«ffl = - 
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[0 0 13] £1±<D± 5fc«figSr»fc*Sfc«0T i A 1 
<b*»H€r««i-5XSt, K#«EE«rfflKtt*3.fctf/ 
^fcfi^pg^lc^T^iirfcco^Ji^^itoc **Wfn«r 
Bfrg^f£-r S fc ®2fr*](^ y i^ttMd^M 2 mm£(^W 
«*WT i A 1 ^IW4>ra^OT i /A 1 tk^S 
v^: k*m%&XZZ 0 T i A Hfr&ttR#«Mma&0> 

/0 [0 0 14] Stt«fiE35S-2 0 VifcWtWi^^SMft 
i*/u^-^(STi-5fc«>T i A 1 fb^»M<0«3|M4as 
{&T1-5o S#«£E*s- 3 0 0V$rii5^T i A l fb 

L^i-<*S 0 ^Ofc^gWmJE^«ill^-2 0- — 3 
OOVtlfco 7-^lff[j:3 5-4 5 V x T — ^ ttjft 

tt 130-170 a, mmmt i,xnN2 = 160-2 

2 0SCCM^U\ temmn*-?? h\*T i * 
— tf y hi A 1 & — *f y Yh^XWt^ZH 9t>T i 
tA 1 «rBH*«cfiftf^— hS:S#1-5Ctd«#*U 
20 <, mi*-¥v M:^^T i fc A l <7>Dimbte 
0. 8<T i / A 1 It < 1 . 2£S#3:LV\ 
[0015] BU^(^>«t 5lwT i A 1 fb-fr«WK<DT i /A 
littt, JftKoff** BiMbttlc|B#*r*5J:ff-J-. Ti 
A Hb-fr*K©«*fc»IMbtttt:T i/A l«s*«0. 7 
ttifrofc «A1»ffi< , HTiy y^-*fcttA 1 

y y^tcfcs fc t i a 1 tb-frMRoas fc»K<bttfi<& 

T1"5 0 Ti/A]tfc^2. 0 0^ii5^S^$ 
Ti/A1^0. 8 2£lTfc*5fc«3 

©sv^*i»aoT i a i fbti*K«r&j£i-*«raBt9: 

50 **iB<45. tWfc*TiAlft**I«)Ti/Altfc 
Ii0. 82^Ti/Altt^2. 0 0ASjft*L<, 

^»nc!>sfi*»tw*5*t5T i a i it&fomtfi* immzjj 

1 R®^^2RS-r^$tUfc 3 

3\ ^y^amict «9 t i /a i tt&x^nsimmn 

0. 90iT i/Allt^2. OO^^K, 
W^C^v^2lgfj:o. 82ITi/AlH:^ 

1. 5 0^^U\ 

[0016] T i A 1 ffrMWttT i fc A 1 Sr^ti^lb 

M{b^, K^^bfei. mmm, mmitm. mmmt 

40 (fo<D'J>%< fc t>— fld>t,45T i A 1 fb^tt^ItfcS 
^ % *<DtpX*i> (Tix, Aly) NzTf*$iX. xfi^ 
mjtm^CDT i OM^F-tt, y ttA«5c**OA 1 05®^ 
It, ztt, T i fc A 1 <D&&\C*fTZN<D]&*l£&m 
^tl^n^ x + y = 1 , 0. 66^x^0. 46, 
0. 54^y^0. 34, 1. 0 5 lz^0. 7 <Dm& 
Zffitc-tT i A Hb*tt«**#*LV% Z^l. 05^ 

jBisa*. T i A l <b#»K^fi:**«Ji«^o«ig 
<0«KS:^tffc«>«***ffi:T-r5 0 Z^o: 7tIc*D» 
-fr, T i A 1 M»Ktl^a?LW< 45fc«)«$^ft 
50 T-TSc 
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[0017] t i a i it&mmt Lxn (t i «, a 

ly) Nz\ZDU^Xm3<0^m^^Ayfl (Ti., A 
lb, Mc) Ndt>«fcV\, ^{fcffH^i (Ti*, Alb, 
Mc) Nd-C^£ft, MliZr, Hf, V, Nb, Ta, 
C r , Mo, W, Si, B, Mg, F e , S n, Mn, 
Sc, Y, 7lsf^ft±m5in<D*<D'pt£< t i> 1 ft 
£3? U allTifcAl t MO-frfHr^i-S T i Olf 
tt, b (iT i t A \ t MOfrfHcSfrl-* A 1 <DJ%+i£, 
cfiT i iAl kM<D&mctti-ZM<Dl%*tt, dttT 

tit* a + b + c = 1 , 0. 66^a^0. 32, 0. 5 
4^b£0. 24, 0. 3^c^0, 1. 05^d^ 
0. 7 ^>H#,l:fe5T i A 1 {b^lt^t LV\ ^t(D 
tTfeM^V, Nb, Ta, Cr, Mo, W, Y, Mn 

(Tia, AH, Mc) Nd«R<0*Sftttd*ffi;T1- 
0. 3 ^ c ^ 0 k7££)tz 0 

[0018] t i A\ik&mmz&mTz>mttt\.x 

tt, PVDft(-J:9««^|g*S»^feix«B8Hft<. 
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SrtTo^:. i . 3 3 X l 0~ Z P aJEJT 

Lfc. EE*3ft«l. 3 3 x l 0" 2 P a OTCIofc:^ 

[ 0 0 2 1 ] 
1^1] 
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a- 2) m& tn^^<om<omumE. 

&4) lttlE?r5^^ltt- 2 0 0Vd^-3 0V^ 

[0 0 2 8 ] dtffl^-yy hffl^T i A 1 Yfi (Ti, 
A 1 , Y) =45:45:10 OR^Jt) (Of-Yy h 
T i liT i ^-y^ h*r*Lfe. fl£»Lfctt» 
©■IfcTi/AlikWSI^lfc. Y<Df£^ 



(Ti, Al, Y) NBKr#ffUfc£i*:*y^«*0> 
afiaEttOAMflc^JIIC^tttt (T i , Al, Y) =5 0. 
4:39. 6:10, ©^fal-^ V £*Rlft*>t>fli 2 mm 
«r«A.fc««©A*ri6»«^-H:tt (T i , A 1 , Y) = 
47. 9:42. 1 : 1 0*efc9, tt:^^J4^^ffi^^ 

(Ti, Al, Y) Nl^Mlfct:^ r «o 
5fi»»^AJR«»iR^tt:H (Ti, Al, Y) =5 0. 
4:39. 6:10, @^fS] \Z=^ y i^R|l|2><b*I 2 mm 
Srj@x.fc«S«o^JSj«^^itJi (T i , A 1 , Y) = 
4 7. 9:4 2. 1:1 OTfcofCo 

[0 0 2 9] 
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i£3) S^tE$r-3 5 0V*-C»TU» 
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RTLfcft-1 0 0VT4»Wft»U - lOOV^t) 
- 1 5 0 V£-C»TLfc«- 1 5 0VC4M^U 
-1 50Vii^-20 OVfeHTlfct- 2 0 0VT 
4»HR»U - 2 0 0Vd^-3 0 0Vit»TU 
t&- 3 0 0Ve4 5)K^U: o 
[0 0 3 5] M^-^y hffiB^T iAIMnCrtt 
(Ti, A 1 , Mn, Cr) =45:45:5:5 UK 



i/A 1 tfc^r^Slc^UfCo 4*3. gttm£<^T£i£ 

JDU ^^^«»Oi£»«(OC rff^F-itfiA 1 2:m«KlC 

gflO (Ti, Al, Mn, Cr) NflgSrgR^^ffiJlC^W 

(Ti, Al, M 

n, Cr) =4 6. 1:43. 9:4. 2:5. 8,4* 
mm&<D&m&ftm*itte (Ti, Al. Mn, Cr) 
= 51. 1:38. 9:4. 6:5. 4. ^rS^UO^M 
f&ftlR+tttt (Ti, Al, Mn, Cr) =46. 1 : 
4 3. 9:4. 2:5. 8Tfct>> tt&ffl 6 (COV^T^ 
s^BMR^ifiSapo (T i , Al, Mn, Cr) 
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(9) ftffl 2003-1 13463 

15 16 

m2jTfa\zft$ri,titzz>&.mf&ftm*it\* (Ti, a * [003 6] 
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